A study of land upheaval at the Finnish coast by Hela, Ilmo
MERENTUTKIMUSLAITOKSEN JULKAISU N:o 
158 
HAVSFORSKNINGSINSTITUTETS SKRIFT 
ILMO HELA 
A STUDY OF LAND UPHEAVAL AT THE 
FINNISH COAST 
HELSINKI 1953 HELSINGFORS 
FENNIA 76, No. 5 
A STUDY OF LAND UPHEAVAL AT THE 
FINNISH COAST 
BY 
ILMO HELA 
HELSINGFORSIAE 1953 
REDACTOR: Prof., Dr. Risto Jurva 
Sepänkatu 17 b, Helsinki 
PRINTED BY TILGMIANN. HELSINGFORS 195J. 
I. Introduction 
In the land upheaval areas the heights of all the bench marks are changign 
in relation to the geode. For this reason no definitive height values can be 
given in reference to an absolute height zero. In such areas, e.g. in the area 
of the Fennoscandian land upheaval, the procedure is as follows: Every 
country selects a geodetic reference surface, a >normal zero», (NN), in such 
a way that, at least at the moment of selection, it corresponds to the geode 
surface as well as possible. Originally, for the geodetic reference surface, (NN), 
of the first Finnish precision levelling of the years 1892-1910 the zero of 
a tide pole was chosen, located at the canal bridge of Katajanokka (Skat-
udden) in Helsinki. This zero happened to be '1'1 cm below the mean sea level 
of that time. Due to the land upheaval the heights of all the bench marks, 
though fixed to the geodetic reference surface, (NN), are increasing in relation 
to the mean sea level. Therefore, sooner or later, it will become necessary 
to introduce a new geodetic reference surface, for selection of which another 
precision levelling, on the one hand, and repeated land upheaval studies, 
based on sea level data, on the other hand, will be necessary. 
According to our present knowledge, the rate of the Fennoscandian land 
upheaval has not changed essentially since the Middle Ages. Nevertheless, 
it is important to pay attention to the fact that the amount of water in the 
Baltic basin is changing from year to year both independently and also as 
a result of changes in the amount of water in the oceans. The latter are due 
mainly to changes in the water amounts of the great inland ice masses. Since, 
during recent decades, in connection with the climatic warming up, the in-
land ice masses have been continuously diminishing, the mean sea level 
height of the oceans has increased. In the land upheaval areas this slow eu-
static rise of the sea surface appears as an ostensible reduction of the land 
upheaval rate which must be taken into consideration in the present study. 
Several land upheaval investigations have been made in the area of the 
Baltic, as will be mentioned in the last part of this paper. Contributions to 
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this have been made among others by the following authors: SIEGER (1893), 
Bi,oMQvrsT and RENQVIST (1914), RENQVIST (1914), WITm~G (1918), Wrrrrvc 
(1922), BERGSTEN (1930), WITTING (1943), and MODEL (1950). All these studies 
are based primarily on sea level data. The list shows distinctly that the present-
day character of the Fennoscandian land upheaval has already been well 
studied. Nevertheless, it is desirable to reconsider the land upheaval problem 
in the light of the growing amount of sea level data. The second precision 
levelling, performed by the Finnish Geodetic Institute in the area of Finland 
since 1935, has made it especially necessary to recompute both the rate of 
land upheaval at the Finnish coast and the probable error of the rate values 
mentioned. The following account explains how this new study on the land 
upheaval was carried out. 
II. Material Used 
This study is based on the annual means of sea level of the Finnish tide 
gauges from the years 1922-1951. Because in this paper the data of the 
above tide gauges are used in detail for a land upheaval study for the first 
time, it is appropriate to explain briefly the origin of this gauge net. Table 1 
shows the location of the tide gauges the data' from which are used in this 
paper. 
Table 1. The Finnish Tide Gauges. 
Location 	The First 
Tide Gauge 	 Year of 
I,at. Long. Operation 
Kemi 	.................................. 65°44' 	24°33' 1922 
Oulu—Uleå.borg; 	(Toppila) . 	.............. 65°2' 	25°26' 	, 1922 
Raahe—Brahestad; 	(Hornankallio) ......... 64° i2' 	24°30' '1922 
Piet ars aari—Jakobstad; 	(I,eppäluoto—Al- I 
holmen) 	............................. 63°42' 	22°42' 1921 
Vaasa—Vasa; (Vaskiluoto—Vasklot) 	...... 63°6' 	21°34' 1921 
Kaskinen—Kaskö ....................... 62°23' 	21013 1926 
Mäntyluoto 	............................ 61036 	21°29' 1925 
Rauma—Raurno 	........................ G1°8' 	21°29' 1933 
Turku—Åbo; (Ruissalo—Runsala) 	......... 60°25' 	22°6' 1921 
Degerby ................................ 60°2' 	20°23' 1923 
Hanko—Hangö; (Lilla Kolaviken) 	........ 59°49' 	11 	22°58' 1887 
Helsinki—Helsingfors; 	 (I~aivopnisto— j 
Brunns 	arken 	........................ 
o 
60°9' 	I 	24°58' 1904 
Hamina 	Fredrikshainn; (Tervasalmi) .... 60°34' 	27°11' 1928 
1) At the end of this article sea level data published by the Institute of 
Marine Research are listed. (In Finnish: Merentutkimuslaitos. In Swedish: 
Haysforskningsinstitutet.) 
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Fig. 1. RENQVIST—WrTTING tide gauge. (Figure is drawn by RENQVIST.) 
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The original plan was to use a gauge apparatus of type REnrz, ordered 
for Helsinki from the firm DENNERT & PAPE, Altona. Finally, however, an 
essentially similar apparatus was delivered by V. FAr,cn-RASniussy . Its 
reduction scale is 1 : 10. All the other tide gauge stations are equipped with 
a RE vQvrs'r—WI INNG gauge whose construction has been briefly described 
for instance in a paper by HELA (1948). It records in the natural scale, '1 : 1. 
This gauge, whose construction may be seen also in Fig. 1, drawn by RE e-
Qvis'T, has proved to be very reliable. It is applicable especially in the Baltic 
or other areas where the range of the heights of sea level is not especially 
large, and where the rate of sea level changes is relatively slow. 
In setting up the tide gauges, the height difference between the nearest 
bench mark of the Finnish Geodetic Institute and a new bench mark (Fig. 2, 
BM), close to the new gauge, was levelled. Thus the height, I, of the new 
bench mark was determined in relation to the geodetic reference surface, 
NN. All the sea level data, given in the publications of the Institute of Marine 
Research, are assigned to a reference surface, R, lying 200 cm below the 
mean sea level for the epoch 1921.0. The figures of Table 2 have been computed 
Fig. 2. Reference surfaces used in connection with the Finnish sea level data. 
(See text.) 
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on the basis of the rates of the relative mean sinking of sea level in relation 
to the bench marks. These rates are one of the results of this paper. Table 2 
shows that the height of the reference surface, R, had been very accurately 
computed from the pole data when establishing the tide gauge net. In ac-
cordance with the original decision, the height of the reference surface in 
relation to the geodetic reference surface will not be changed later, although 
small errors in the original determinations, of course, were probable. Thus 
the height difference, E, of Fig. 2, is constant. 
The fixed point of the tide gauge is the upper level surface, J, of a console 
fixed on the wall of the gauge well. By means of yearly levellings the height 
difference, H, between the nearest bench mark, BM, and the console of the 
gauge, J. is determined. Thus the height of the console is given in relation 
to the geodetic reference surface, NN, or as I — H = D. Thereafter E + D 
= F gives the height of the gauge console in relation to the reference surface, 
R, separately for each year. In order to obtain the data as accurately as 
possible in reference to the surface R, at every gauge the actual height, A, 
of sea level below the gauge console is measured once a week. Simultaneously 
the reading, B, of the gauge is noted. Thus F — A — B = G gives the cor-
rection to be added to the reading, B; thus the record will be given in reference 
to the surface R. 
This procedure, planned by RENrovrs'r (1922, 1923, 1924), has proved 
Table 2. Mean Sea Level for the Epoch 1921.0 at Different Tide Gauges in Relation 
to the Reference Surface Used by the Institute of Marine Research 
Tide Gauge 	Height 
cm 
Kemi 	................ 2 01. o 
Oulu—Uleåborg 	..... 201.5 
Raahe—Brahestad. 	... 200.s 
Pietarsaari—Jakobstad 198.o 
Vaasa—Vasa .......... 200.4 
Kaskinen—Kaskö . ... 202.1 
Mäntyluoto . 	..........; 200.e 
Rauma—Raunio 	......I 199.4 
Turku—Åbo .......... 201.1 
Degerby 	.............. i 	200.s 
Hanko—Hangö . ..... 201.0 
Helsinki—Helsingfors 201.2 
Hamina—Fredrikshamn 200.4 
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Table 3 a. Annual Means of the Finnish Tide Gauges, 1888-1921. 
Hanko Helsinki 
Year 
Hangö Helsingfors 
cm cm 
1888 206.2 - 
89 206.5 - 
- 90 	212.1 
91 203.e - 
92 206.0' - 
93 214.4 - 
94 210.sä 
- 95 	207.4 
96 206.5 - 
97 204.5 - 
98 214.3 - 
99 220.1 - 
1900 202.5 - 
0 ] 200.0 - 
02 205.2 - 
03 218.o - 
04 204.4 203.5 
05 209.oi 209,4 
06 208.s 207.s 
07 203.0` 203.o 
08 198.iä 197.2 
09 203.5 202.9 
1910 201.9 200.5 
11 206.2 206.4 
12 205.6 205.2 
13 210.o 210.6 
14 204.s 204.1 
i97.4" 196.4 15 
16 199.6° 199.2 
17 200.3° 200.3 
18 199.s 200.s 
19 196.e" 197.0 
1920 197.3 197.5 
21 210.4 211.5 
annual means provided with index »i» are based on data from which more 
than 'I0 per cent were interpolated values. 
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Table 3 b. Annual Means of the Finnish 
ii 1 cd H cC  hfd cd 	cd ~I 
✓' O F-' 	W P4 Pa ✓  H N r~-1 
cm 	i cm 	~ cm cm cm cm cm 
1922 - 199.s 201.7 - - 
23 	i 208.4 	i 207.3 206.3 204.s 206.3 - 
24 201.3 199.91 198.s 195.0 
200.2 
198.4 -- - 
25 203.5 203.0 202.E 203.4 l - 203.0 
26 196.5 196.3 194.3 192.o 194.6 - I95.2 
27 199.5 	~ 199.1 	I 198.0 	, 'I96.6 199.5 200.91 200.3 
28 197.81 197.3 196.3 	11 193.9 1 95.9 	j 197.5 196.8 
29 199.1 197.5 196.5 	' 193.9 
189.0 
195.1 	11 197.1 195.7 
1930 193.3 192.9 191.2 190.6 193.1 192.0 
31 193.3 193.2 191.8 188.7 190.8 192.2 191.8 
32 200.s 201.iä 199.3 195.5 197.9 198.4 198.4 
33 185.7 186.5 184.4 181.i 183.5 184.o 185.o 
34 196.6 197.6 195.o 191.6 193.3 194.i 194.0 
35 196.i ~ 	196.21 194.0 191.2 193.4 194.0 194.9 
36 188.2 188.9e 185,7 182.9 185.0 186.1 186.8 
37 180.0 180.1 177.2 175.2 177.8 179.6 180.2 
38 203.8 202.71 200.2 196.7 198.5 199.6 199.5 
39 179.0 179.91 177.o 174.4 
179.21 
176.9 ( 	178.0 178.7 
1940 i 	184.9  184.5 181.9 181.9 f 	182.81 183.4 
41 173.2 173.4 170.9 '167.7 171.4 172,61 173.6 
42 184,31 184.0 181.3 178.2 181.6 182.ot 182.s 
43 201.1  199.6 1 96.9 193.8 196.4 197.0 197.2 
44 190.9i 190.6 188.o 185.9 188.5 189.4 189.0 
45 185.0 I85.o i 	182.7 181.0 184.9 185.8 187.7 
46 186.7 186.91 182.7 179.9 183.o 183.9 184.6 
47 172.2 172.0 168.o 165.6 169.0 170.1 X171.8 
48 192.9 192.4 188.5 1 	184.9 187.91 188.5Y 190.2 
49 196.2 195.5 191.5 187.8 190.9 191.4 193.o 
1950 186.2 186.3 182.9 181.0 184.5 185.4 186.6 
51 176.9 176.si 173.o 1 	169.9 172.61 172.51 173.7 
' annual means provided with index »is> are based on data from which more 
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Tide Gauges, '1922-1951. 
å o o:o b) 
cm 	cm cm cm cm cm 
202.5 - 203.o 203.5 - 1922 
206.s - 206.4 207.5 23 
- 	198,2 X197.1 '198.2 198.8 - 24 
205.5 205.1 207.o 	< 207.5 - 25 
- 	196.3 196.4 197.0 196.0 - 26 
- 202.2 	I 201.8 202.s 203.4 - 27 
- 	198.9 198.0 199.8 200.0 - 28 
- 196.1 196.2 198.o '199.2 200.4 29 
- 	194.4 	193.9 195.7 196.3 	i 196.3 1930 
194,7 	I 	194,o 195.8 196.5 197.0 31 
201.1 	199.8 202.01 204.3 205.7 32 
184.9 	188.4 	188.' 	~ '190.3 190.8 190,2 33 
193.6 196.4 	E 	195.4 197.0 197.9 198.6 34 
199.4 200.2 200.4 35 194,7 	'197.7 	197.2 
186.s 190.0 	189.s lOisi 192.7 I 	'192.7 36 
180.6 	184.o 	183.0 185.0+- 185.0 184.1 37 
199,5 202.5 	201.ii 203.s 204.7 206.1 38 
178.5 	182.2 	181.5 183.0> 184.5 185.0 39 
183.iä 	187.s 	186.sä 190.21 190.2 190.5 1940 
173.s 178.0f 	~i 	177.7 181.11 181.1 181.5 41 
182.9 	186.6 	186.1 188.81 190.6 192.4 42 
197.2 200.0 	199.4 203.5 206.0 208.8 43 
189.o 	194.0 	193_3  197.3 198.7 199.8 44 
188.o 	193.31 	192.s I 	196.o 197.8 198.6 45 
184.o 1.89.3 	I 	188.2 192.2 193.5 195.2 46 
172.E 	176.7 	176.3 '180.7 182.7 183.2 47 
190.8 195.5 	194.2 199.2 200.6 204.2 48 
193.3 	198.4 	197.o 202.o 203.8 206.8 49 
'187.3 	192.o 191.4 195.5 197.2 '198.7 1950 
174,2 	i 	17$.6 175.7 i 	181.2 183.0 185.6 51 
than '10 per cent were interpolated values. 
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very satisfactory in general and especially for the land upheaval studies, 
since the height changes of the gauges are thus eliminated from the final 
data. 
Table 1 shows the first year of operation of every tide gauge. Not all of 
the gauges were already in operation in 1922. This fact makes it necessary 
to apply another correction in the following computations. 
The annual means for different tide gauges were checked and the gaps 
in the series were filled in the following way. The differences of corresponding 
annual means for different gauges were computed in pairs. These differences 
were plotted in a graph as ordinate with the time in years as abscissa. The 
course of the difference should be roughly linear in this representation. All 
distinct deviations from the linear were checked against similar representations 
of the other gauge pairs, the errors corrected, and the gaps filled. The final 
annual means are given in Tables 3 a and 3 b. As mentioned previously, 
however, only the period of record 1922-1951 (Table 3 b) was used as basis 
of the following computations. 
III, Method Applied 
Fig. 3 shows the series of annual means at different tide gauges. Obviously 
the changes from year to year are relatively large. In the following list the 
various causes are given to which all the changes must be due. 
(1) Land upheaval. This may considered to include the following components: 
(1a) Mean rate of the land upheaval. 
(1b) Slow variations in the rate of land upheaval. 
(lc) Rapid fluctuations in the land upheaval. 
(2) Changes in the water amount') of the Baltic basin: 
(2a) Mean rate of change occurring in the same direction continuously. 
(2b) Slow fluctuations. 
(2c) Rapid fluctuations from year to year. 
(3) Variations in the mean slope of the Baltic sea surface:2 ) 
(3a) Mean rate of the change in the mean slope occurring in the same 
direction continuously. 
1) These changes are due to the following three causes: 
(2.1) Eustatic change of the sea level of oceans, 
(2.2) Changes in the water amount of the Baltic basin due to changes in air 
pressure and wind field in the area of the Northern Atlantic and especially 
around the Danish Straits. 
(2.3) Changes in the water amount of the Baltic basin due to changes in preci-
pitation and evaporation conditions in the area of the Baltic and its environs. 
All these causes influence the water amount of the Baltic basin: 
(A) directly and 
(B) indirectly through changes in the distribution of salinity and water 
temperature. 
1) Thew variaticrs nie due to the following two causes: 
(3.1) Charges in the mean slope of the Baltic due to changes in the air pressure 
and wind field cf the Baltic area. 
(3.2) Cliaeges in the mean slope cf Ilie Baltic due to changes in the salinity 
and water temperature distribution of the Baltic. 
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Fig. 3. Annual means of sea level. 
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(3b) Slow variations in the mean slope. 
(3c) Rapid variations in the mean slope from year to year. 
(4) Errors in the original data. 
It is not possible, on the basis of regular observations, to compute the 
effects of these factors and phenomena on the changes of sea level. For this 
reason it is necessary to combine such effects into phenomenon groups of 
different character. The period of record consists of 30 years only. Thus it 
also seems necessary to combine the »slow variations>, (b), with the changes 
going on in the same direction continuously, i.e., »secularly», (a). The groups 
are as follows: 
(A) Non-secular changes in the water amount of the Baltic basin, [(2b) and 
(2c)]. 
(B) Variations in the mean slope of the Baltic sea level, [(3h) and (3c)]. 
(C) Land upheaval plus the secular changes, [(la), (1b), (le), and to a lesser 
extent also (2b) and (3b)]. 
(D) Errors in the original data, (4). 
Some remarks are necessary concerning this list: 
(1c). The possible rapid fluctuations in the land upheaval cannot occur 
over large areas simultaneously. 
(2a) and (2b). Changes in the water amount of the Baltic basin, due to 
different causes and especially to the ecstatic change of the oceans, cannot 
proceed in the same direction indefinitely. Therefore a pure phenomenon 
(2a) is impossible, and the »secular eustatic changes,> are included with (2b). 
At the same time it is important to remember that the choice of the observ-
ation period has an essential influence upon the rate of (2b). 
(3a) and (3b). For reasons similar to those of the former remark it may 
be said that the pure phenomenon (3a) is not real: the mean slope of the 
Baltic cannot change continuously in the same direction for an indefinite 
period. 
(2b) and (3b). It is reasonable to assume that (2b) appears first and fore-
most as a component of (A), that is, in the non-secular changes in the water 
amount of the Baltic basin; and only to a lesser extent as a component of 
(C); that is, in the land upheaval plus the secular changes. Similarly (3b) 
certainly appears first and foremost as a component of (B) and only to a 
lesser extent as a component of (C). 
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If it is possible to eliminate from the series of the annual means of sea 
level both (A) and (B), that is, the non-secular changes in the water amount 
of the Baltic basin and the variations in the mean slope of the Baltic sea 
level, then the series will show the effects of the phenomena (la), (lb), (1c), 
and (4), [and to a lesser extent also (2b) and (3b)] only. This means that the 
series will contain 
— mean rate of land upheaval during 1922-1951, (la) and (1b); 
— rapid fluctuations in the land upheaval, (1c); 
— mean rate of the height changes of the Baltic sea level, due to different 
factors but not to the land upheaval, during 1922-1951, (2b); 
— effect of the »secular» change (that is, going on in the same direction) 
of the mean slope of the Baltic sea level, during 1922-4951, (3b); 
— errors in the original data, (4). 
The air pressure and wind field of the Baltic area during 1922-1951 do 
not show such a distinct tendency to continuous change in the same direction 
that it would be necessary to consider the phenomenon (3b) in the compu-
t ations. 
The mean rate of the height changes of the Baltic sea level, (2b), principally 
due to eustatic changes of the oceans, can be estimated at least roughly, for 
the period '1922-1951. When it is eliminated, the mean rate of the land up-
heaval is obtained. Its error is due to 
— rapid fluctuations in the land upheaval, (1c); 
— errors in the original data, (4); 
— error in the estimated rate of the mean eustatic changes; and 
— errors due to the fact that the series of record are not of equal length. 
IV. Elimination of Effect's of Fluctuations in Water Amount 
of Baltic Basin 
Fig. 3 shows that the 
water amount in the Baltic 
basin is not equally large 
every year. In order to 
know the changes in the 
water amount, sea level 
data from the entire Baltic 
basin should be available. 
Unfortunately it is not 
possible to obtain all the 
data needed for this pur-
pose.l) There is, however, 
another method which may 
be followed. Instead of the 
mean height of sea level 
over the Baltic, one may 
use the annual means of 
the tide gauge lying closest 
to the node of the year to 
year changes of the slope 
of Baltic sea level. It has 
already been shown [e.g. 
,-CM 
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81934 
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1930 	1926 2  
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1933 
Fig. 4. Annual mean height of sea level at De- 
gerby as a function of the mean heights of sea 
level of the whole Baltic area, '1926-1935. 
HELLSTRÖM, 1940 (and 1941) and HELA, 1944] 
1) When the results of the important work of the Mean Sea Level Committee 
are published, it will probably be possible to compute the changes in water 
amount in question more accurately than has been possible in this paper. At 
that time the data of this paper can be recomputed to a greater degree of ac-
curary. It is possible that the rates of land upheaval thus obtained will differ 
somewhat from those of this paper. However, a more important probability 
is that the errors of the rates in particular may prove to be still smaller. 
2 
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that Degerby is not far from the node mentioned. Therefore, the annual 
means of sea level at Degerby must be representative for the mean 
height of sea level of the whole Baltic area. Big. 4, which is based on some 
earlier computations (HELA, 1944), gives the annual mean height of sea 
level at Degerby as a function of the mean heights of sea level of the whole 
Baltic area. It shows indirectly that the series of annual mean sea levels of 
Deg erby includes 
— mean land upheaval at Degerby; 
— rapid fluctuations in the mean land upheaval at Degerby; 
— effect of fluctuations in the water amount in the Baltic basin; and 
— errors in the annual means. 
The main part of the effect of changes in the Baltic sea level slope is not 
included in the above series, however, due to the fact that Degerby is not 
exactly at the node of the slope changes, some smaller effects in the above 
series are caused by changes in the slope of the Baltic sea level. 
In order to obtain the fluctuations in the water amount of the Baltic 
from the series of annual means of sea level at Degerby, the mean land up-
heaval at Degerby must be eliminated. In this connection the value of 50 cm 
per 100 years, given by WITTING (1943), may be used. This value is based 
on the tide pole records of the years 1898-1927. For our purpose it is neces-
sary to know whether the value mentioned corresponds to the rate of the 
absolute land upheaval or to the mean rate of the sinking of the mean sea 
level. WITTING (1943) himself assumed that the height of a certain point 
in the southern part of the Baltic, 
%2 [Karlskrona + 1/2 (Pillau + Swinemunde)], 
was constant. This was his »fixed point). It will here be shown through simple 
consideration that the height of this »fixed points is constant in relation to 
the mean sea level only. 
In an earlier study (1918), based on the tide pole records of the years 
1898-1912, WITTING used as fixed point »the northern coast of Germany». 
In his later study (1943), he gives as the rate of sinking of his former fixed 
point 9.4 cm per 100 years. The only possible explanation of the discrepancy 
between WIi rINrG's two »fixed points» is that the height of »the northern 
coast of Germany» is the constant one; and that the height of the new fixed 
point is constant in relation to the mean sea level only. WITTING himself 
considered this explanation a possibility. 
Thus the value of the rate of land upheaval at Degerby, — 50 cm per 
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100 years — corresponds to the difference between the absolute mean land 
upheaval and the mean eustatic rise of sea level. If this value is eliminated 
from the Degerby series of annual means of sea level there will be left in the 
corrected series: 
— rapid fluctuations in the land upheaval; 
— effect of fluctuations in the water amount in the Baltic basin; 
— original errors in the annual means; and 
effect of the error in the above value of land upheaval. 
As one of the conclusions of this paper it will be shown that the assumed 
rapid fluctuations of land upheaval do not seem to be real. They can there-
fore be neglected in the above list especially when compared with the 
effect of fluctuations in the water amount in the Baltic basin. Obviously 
the original errors in the annual means cannot have any essential influence 
when compared with the fluctuations in the water amount. Thus, in fact, 
the year to year fluctuations in the water amount of the Baltic basin are 
now available. When these are eliminated from the series of annual means 
of sea level at different tide gauges, the corrected series, given in Fig. 5, are 
obtained. These include now: 
— effect of mean land upheaval; 
mean rate of height changes of the Baltic sea level, due to different 
factors but not to the land upheaval; 
rapid fluctuations in land upheaval; 
— effect of variations in the mean slope of the Baltic sea level; 
— errors in the original data; and 
— effect of errors introduced in computing the correction for the water 
amount. 
Obviously the corrections made above for the water amount made above 
are not quite correct. The use of the Degerby data alone is a source of error. 
In addition, the possible unreliability of the rate of land upheaval for Degerby, 
taken from WreriNG (1943), provides another source of error; if this land 
upheaval value is not correct, the above water amount correction should 
show some kind of secular tendency. When the series of these corrections, 
however, is smoothed numerically and the method of least squares is applied, 
the rate of change of the water amount correction is found to be only —0.6 
cm per 100 years. This shows that the corrections used are quite correct in 
reference to the land upheaval value used in their computation. 
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Fig. 5. Annual irreans of sea level corrected for the effect of fluctuations 
in the water amount of the Baltic basin. 
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Finally, it is necessary to consider the effect of errors introduced in 
computing the correction for the water amount. These corrections are made 
by subtracting changes ini the water amount from the annual means of sea 
level. Thus the errors of the corrections remain in the corrected annual means 
of sea level. For this reason it is riot necessary to estimate the separate mag-
nitudes of these errors. 
V. Corrections Necessitated by the Different Lengths of 
Observation Series 
It is now possible to compute, by the method of least squares, temporary 
values for the rate of mean sinking of mean sea level (or for the difference 
between the mean land upheaval and the mean eustatic rise of sea level). 
These values are shown in Table 4. Because the length of the observation 
period is not the same for all the gauges, a correction must be applied. For 
this reason the rate of mean sinking of sea level has been computed for different 
periods of record (Table 5) and the rates for the whole period, '1922-1951, 
are obtained by interpolation. The errors of this procedure influence the 
final results. The estimated magnitude of these errors is given in column 3 
of Table 5. The most unreliable value of rate of mean sinking of sea level 
seems to be that of Hamina, both absolutely and relatively. In column 2 
of Table 5 are given temporary values for the mean sea level sinking at dif-
ferent tide gauges during 1922-1951. (The millimeters do not, of course, 
have any reality.) 
Table 4. Temporary Values for Rate of Mean Sinking of Mean Sea Level. 
Tide Gauge Period 
cm per 
too years 
Kemi 	................ 1923- 1951 —64.6 
Oulu—Uleåborg . ...... 1923-1951 —63.1 
Raahe—Brahestad 	.... 1923-1951 —73.6 
Pietarsaari—jakobstad . 1922-1951  
Vaasa—Vasa .......... 1922-1951 —71.6 
Kaskinen—Kaskö 	.... '1927-1951 I 	—72.1 
Mäntyluoto . 	.......... 9.925-1951 —61.6 
I Rauma—Raumo 	...... '1933-1951 j 	—54.3 
Turku--Åbo .......... . 	'1922-1951 —47.9 
Degerby 	.............. 1924 -1951 —50.0 
Hanko—Hangö . ...... 1922 -1951 j 	—35.4 
Helsinki—Helsingfors .. '1922 -1951 —31.0 
Hamina—hredrikshamn iii 	1929 -1951  —18.0 	i 
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Table 5. (Temporary) Rates of Mean Sinking of Sea Level for Different Periods, 
in cm per 100 years. 
1922-1951 	 i 
1923-1924- 1925- '1927- ä1929-~ 1933- 
}-'.S tllll-i 
I`  atefl 
 
1951 	1951 ~~ '1951 	1951 	1951 1951 Rare 
Error 
Kelni 	................ 64.o' ~±1 
Oulu-Uleåborg 	....... -63.3 ' +0 
Raahe-Braliestad .... ~ -73.9'  0 
Pietarsaari-Jakobstad -76.4 0 
Vaasa-Vasa . ....... 79 .o 0 
Kaskinen-Kaskö 	... -76.o ~+ 1 
Mäntyluoto 	. 	....... -64. o ± 1 
Rauma-Raurno 	.... -5 9.0' I +2 
Turku-Åbo . .. 	.. 	. -47.9 0 
Degerby 	............. -512 ±0 
Hanko-Hangö . ..... -35.4 0 
Helsinki-Helsingfors ..~ -3l.0  0 
Hamina-Fredrikshanlnl -21.71 ~±2 
-64.6' l 
-63.i 
-73.0 
-76.1 
-71.3 -67.4 	-66.9 
72.3' 	1-72.1 
-6"1.c 	-61.7 -58.9 
56.4° -54.3 
-46.s -45.8  
-50.o 
34.6 32.7 
-18.0 
interpolated values 
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Fig. 6. Annual means of sea level corrected for the water amount fluctuations 
and for the mean sinking of sea level. 
VI. Elimination of Effects of Changes in Mean Slope of 
Baltic Sea Level 
Fig. 5 shows that, after correction for the water amount, the deviations 
from a linear course seem to be practically always in the same direction both 
in the area of the Gulf of Bothnia and the Gulf of Finland. It is therefore 
obvious that these deviations must be to a great extent due to the effects 
of changes in mean slope of Baltic sea level. The next step is the elimination 
of these effects. 
The mean sinking of sea level (temporary rates, Table 5, column 2) is 
now eliminated temporarily from the series of annual means of sea level, 
(Fig. 5), which are already corrected for the water amount. Thus series, given 
in Figure 6, are obtained, showing deviations due to the effects of the sea 
level slope affected, of course, also by the original errors, and by those other-
wise introduced. The averages for the absolute values of the deviations in-
crease almost linearly from Degerby towards the innermost parts of both 
the Gulf of Bothnia and the Gulf of Finland. The linear course is almost 
perfect (Fig. 7) when the distances between the gauges are made relative to 
ft 	 ö 	m 	0  (I) 	 = 	_z 
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Fig. 7. Averages for the absolute values of deviations due to the effects of 
sea level slope. 
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Fig, 8. Annual means of sea level corrected for the water amount fluctuations 
and for the changes in mean slope of Baltic sea level. 
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the actual distances from gauge to gauge and not to the distances between 
their projections on the main axes of the Gulfs. This manner of proceeding 
is certainly correct, because the increase of the deviations must be inversely 
proportional to the depth of water.l) 
The next step is to compute the slope corrections. For this purpose, 
separately for the Gulf of Bothnia and the Gulf of Finland, for every year 
of the period of record the equation of surface has been computed. These 
surfaces appear on the coordinate system of Fig. 7 as straight lines which 
follow as closely as possible the points corresponding to the annual deviations. 
The heights of these surfaces are considered representative of the »norrnab> 
deviations for each year and every gauge. These computed deviations have 
been subtracted from the actual deviations. Thus, the effects of the errors 
and of the rapid fluctuations in the land upheaval on the actual deviations 
for every gauge and for every year are obtained as a remainder. Errors made 
in computing the slope corrections need not be computed separately, because 
they are included in the errors of the definitive values for the rate of land 
upheaval. 
The »normal» deviations due to the slope changes are now subtracted 
from the series of annual means, from which the sea level changes of the 
Table 6. Definitive Values of the Mean Rate of Sinking of Mean Sea Level, 
1922-1951. 
Rate of sinking 
Tide Gauge 
cm per 100 years 
Kemi 	................ i - 64 + 8 	i 
Oulu—Uleåborg . ..... - 63 : 8 
Raahe—Brahestad 	.... - 74 + 6 
Pietarsaari— Jakobstad - 76 + 3 
Vaasa—Vasa ..........!.. - 72 + 5 
Kaskinen—Kaskö . ... - 76 + 5 
Mäntyluoto . 	........... - 65 ± 3 
Rauma—Raunio 	..... - 59 ± 3 
Turku—Åbo - 48 + 4 
Degerby 	............. 	. - 51 
Hanko—Hangö . ..... - 35 + 4 
Helsinki—Helsingfors . 	I - 31 + 3 
Hamina—Fredrjkshamn - 22 + 7 
1) The step between Turku and Degerby is not significant, since it would 
have been possible to lengthen the distance in the figure due to the effect of 
the shallow archipelago area. 
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Baltic have already been eliminated (Fig. 5). Thus the final series (Fig. 8) 
are obtained, which do not include the effects of slope changes of the Baltic 
sea level. By the method of least squares definitive values for the mean rate 
of sinking of the mean sea level are now obtained (Table 6). 
It can be seen that the slope corrections do not influence the final rates 
practically in any way, because only the Femi rate has been changed by 
an amount of 1 cm per 100 years. Nevertheless, it was necessary to take the 
effect of the slope changes into consideration, since only in this way do the 
probable errors of the rates become as small as seen in Table 6. Thus the 
accuracy of these computations based on sea level data is also shown. In 
addition, it can be seen from the relatively linear course of the broken lines 
of Fig. 8 that the character of the land upheaval obviously does not resemble 
an up and down movement in a mosaic scale as was insisted upon by sonve 
earlier authors. 
VII. Final Conclusions 
The effect of the mean rate of the eustatic changes must be eliminated 
from the values of the mean sinking of mean sea level (Table 6), during 1922-
1951, in order to obtain the absolute rate of land upheaval. The mean sea 
level of the oceans is rising due to the present warming up of the atmosphere. 
It is rather difficult to estimate the magnitude of this eustatic rise, especially 
when it depends on the period in question, and it is beyond the scope of this 
brief paper to make any computations for it. For this reason the values given 
in the literature by earlier writers are necessarily used as the basis for the 
final elimination in this paper. GUTENBERG (1941) gives as magnitude of the 
eustatic rise 'LL or 12 cm per 100 years. From the results given by WITTING 
(1943) it can be seen indirectly that the rise seems to be 9.4 cm per '100 years. 
THORARIySSONT (1945) gives as a miniinuni for the eustatic rise 5 cm per 100 
years, and BERGSTEN (1945) is of the opinion that if the computations are 
based on other observations even 10 cm per 100 years could be obtained as 
its value. EGEDAL has advised the author (by a letter of Feb. 21, 1953) of 
important results of his computations, which give a value of 4.7 cm per 100 
years for the eustatic rise. In the following it is assumed that the rate of 
eustatic rise of sea level in the Baltic area during the period 1922-1951 has 
been 8±3 cm per 100 years, a value which approximately covers the values 
given by different authors. Thus the final rates of the mean land upheaval 
are obtained. (Table 7 and Figure 9.) 
It is appropriate to compare the regional distribution of the rate of land 
upheaval thus obtained with corresponding results given by earlier authors. 
Fig. 10 was originally published in an article, »Fndogenetic Phenomena), 
written by RENovrsT and published by The Geographical Society of Finland 
in »Suomi, A General Handbook on the Geography of Finland». In the Figure 
as well as in charts 1'l, 12, and 13 the small figures give the rate of land up-
heaval in cm per 10 years. SIEGER's map (1893) has only historical value. 
The BLobrovssl and RENQvisr map (1914) is based on sea level observations 
made during 1889-191.2, »likewise that of RENtovisu (1914), however, the 
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Table 7. Mean Rate of Land Upheaval, 1922-1951, in cm per 100 years. 
Errors 	Probable 
I 	Error due to 	Error 
Different 	of Mean of the Rate of 	i 
!I Length 	Rate of Rate of Eustatic 
i 	Land 
of the 	Sinking Rise of Upheaval Period of 	of Mean Sea Level Record 	I Sea Level t 
Kenai 	.................. + i ± 8 3  72 ~ 12 
Oulu—Uleåborg . ........ + 0 + 8 5 7"1 ± 1 ] 
Raahe—Brahestad . ..... + 0 : 6 ± 3 82 A 9 
Pietarsaari—Jakobstad . . . 0 ± 3 ± 3 84 j- 6 
Vaasa—Vasa 	............' 0 ± 5 ± 3 i 	80 ± 8 
Kaskinen—Kaskö ± ( + 5 + 3 84 * 9 
Mäntyluoto 	......... '1 ± 3 73 ± 7 
Rauina—Raumo . .......... ± 2 + 3 + 3 67 ± 8 
Turku—Åbo 0 + 4  ± 3 56 7 
Degerby 	................. ± 0 0 + 3 59 + 6' 
Hanko—Hangö ........... 0 + 4 + 3 43 ± , 
Helsinki—Helsingfors 	.... j 0 ± 3 + 3 39 * 6 
Harnina—Fredrikshanin . ± 2 ± 7 ± F 	30 * '12 
= interpolated valtre of the error. 
general character of this period in relation to means from a period of about 
100 years obtained on the coast of Germany was taken into consideration, 
so that it gives the present general trend».) Thus it is evident that REIQurs'r 
ras been aware of the effect of the eustatic changes which can essentially 
affect the results, based on shorter periods of record; and he further assumed 
that in a period of about 1.00 years the ecstatic changes cia not influence the 
results of land upheaval computations. Wr rn G's map (1918) is based on 
sea level data from 1898-1912 from which the effects of wind, air pressure, 
and other exogenetic factors on the sea level were eliminated. WITTING's 
later map (1922) takes into consideration the additional information collected 
frrm measurements of old water level marks. BERGS mN's first map (1930) 
shows the land upheaval on the Swedish coast for 1887-1927 and the second 
map (1930) presents the same data corrected for the years 1851-1927 by 
means of sea level data from Stockholm. The latest map (Fig. 11) on land 
upheaval given by WVrr'nNG (1943) is based on tide pole data from 1898-
1927. 
1) Quoted from the above Handbook on the Geography of Finland. 
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Fig. 9. Land upheaval, in cin per 100 years. 
Quite recently three additional land upheaval studies have been published. 
I iARIAJKEN (1949) (cf. also KuKKAn2ÄKz, 1939) has a preliminary report on 
the regional distribution of the rate of land upheaval (Fig. 12) in southern 
and middle sections of Finland. (In the near future KÄ, xRj, I mM will offer 
a more comprehensive account of his land upheaval studies based on the 
work of the Finnish Geodetic Institute.) KÄÄniäzNEN's studies are based on 
the slope of the original geodetic reference surface which has come into exist-
ence by the land upheaval and was determined by the second precision lev-
elling (1935—) compared with the first precision. levelling (1892-1910), 
on the one hand; and (in the paper of 1949) on the rate of land upheaval 
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Fig. 11. Land upheaval, in cut per äl0 years, by WITTING (1043). 
computed by WITTING (1918) for Helsinki, 3G cin per '1.00 years, on the other. 
These data may be compared with the land upheaval map (Tig. '13) given 
by SIREN (1951), by use of the following method. The relative height changes 
in the mean sea level in different parts of large inland lakes are compared 
with each other. Thus the rate of tilting of the lakes is obtained. Partly on 
the basis of the levelling, and partly graphically the rates of relative land 
upheaval for different lake areas are combined into a general picture of the 
relativerate of land upheaval. Finally this picture can he corrected for land 
upheaval computed on the basis of sea level data as shown in Trig. 13. T'lonea, 
:14 
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Fig. 12. Land upheaval, in cnn per '1 0 years, by I(ÄtRl:iim T (I 4 , 9) . 
('1950) has published a chart on land upheaval (Fig. lot) which is based on 
a comprehensive amount of sea level data. Some erroneous data from un-
reliable pole stations distort the final representation to some extent, as the 
author himself mentions. 
When comparing the different land upheaval maps with each other the 
following statements can be made. The centre of the land upheaval seems 
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Fig. 13. Land upheaval, in cin per 10 years, by Srai (195 I). 
to be, according to WITTING (1018 and 19/13), north of the northwest part 
of the Gulf of Bothnia while, on the other hand, according to the results given 
by RircpvisT (1914), BE;RGsi'rN (1930), and Moni r, ('1950), the centre seems 
to be around the Quarken, probably somewhere in its western part. This is 
confirmed by the results given by KÄÄRIÄININ (10/i9) though his drawing 
is confined to the land area only. The results given in this paper show also 
that the centre is located around the Quarken. 
It is relatively difficult to compare the absolute amounts of the land 
upheaval rates computed by different authors, since it has been impossible 
for anyone accurately to compute the magnitude of the rate of eustatic changes. 
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Fig. 11. Land upheaval, in cm per year, by Momi, (1'1150). 
Nevertheless, there is in the area of the Gulf of Bothnia a relatively good 
agreement between the results given in this paper, and earlier results (Rt-
ovior, BrRGS'ir;N, KÄÄxiizN N, and Monti) in which the centre is located 
around the Quarken. According to the present results, the rate of land up-
heaval in the area of the Gulf of Finland seems to decrease towards the east 
faster than shown by the earlier results, (especially those of RF.N VIST, Kän-
luiiTVrx, and Movii,). The agreement with the \\7cr'rrvG's inah (1943) is 
relatively satisfactory. Despite of this, the most untrustworthy area of the 
land upheaval map presented in this paper, is east of Helsinki. Not until 
the tide gauge at Hamina will have been in operation an essentially longer 
period, will it be possible to check the computations of this paper for the 
area of Ilauiina on 1 asis of the same elimination method. 
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